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Abstract.
In substrate brooding fish of the family Cichlidae, cooperative
biparental defense of the brood has been proposed as a major factor
promoting monogamy. However, sexual differences in parental care
suggest a division of labor rather than the sum of two parents
defending. Focal observations and sex-specific parent removals
were performed in nests of a wild population of firemouth cichlids
(Cichlasoma meekl) to compare the role of each sex at different
developmental stages of the brood.
Parental behaviors were observed during four developmental
offspring stages: egg, wriggler, fry 1, and fry 2. Parental agonistic
interactions (any activity related to fighting, whether aggression
or conciliation and retreat), feeding and switching behavior (when
parents alternate in their duties, e.g. switching from offspring care
to territory defense), and brood counts were recorded before
experimental manipulations. Observations showed that male
parents charged (rapid swimming toward another fish suddenly
terminated) more frequently during the wriggler stage, and
agonistic interactions were more frequent during the fry stages of
the brood. R"emoval of one of the parents resulted in the loss of
1
offspring in most cases. However, single parents were able to keep
their offspring when removals occurred during the wriggler stage.
Female parents increased their frequency of chases after the
removal of their mate.
Several inferences can be made from these results. The
higher frequency of male charges may have efficiently maintained
intruders away f~om the nest. When their male was not present,
females may have needed to initiate a chase if the intruders were
already close to the offspring. A higher frequency of agonistic
interactions during the fry stages of the brood was consistent with
the age-investment hypothesis, an increased number of intruder
encounters, and an increase in offspring vulnerability.
The factors affecting the success of solitary parents at
rearing their brood appeared to be related to their tendency to
continue defending and the feasibility of the defense. Solitary
parents may defend offspring after the wriggler stage, but high
predation probably accounts for unsuccessful attempts during
mobile brood stages.
2
Introduction.
In a species with biparental care both parents cooperate to provide
the appropriate amount of care for the young (Wright & Cuthill
1989). Cooperative, biparental defense of the brood has been
proposed as a major factor promoting monogamy in birds (Lyon et
al. 1987, Wright & Cuthill 1989) and fishes (Barlow 1974).
However, the sexual differences in parental care described in birds
(Pierotti 1981, Butler & Janes-Butler 1983, Niebuhr & McFarland
1983) and fishes (see Keenleyside 1991 for an extensive review)
suggest a division of labor rather than an additive effect of two
parents giving the same parental care (Itzkowitz 1985). Using a
monogamous fish, this study investigates how the parental role of
each sex changes and influences the survival of the offspring at
different stages; also, it looks at the ability of single parents to
rear a brood successfully after the loss of the other parent.
In substrate-brooder fish of the family Cichlidae, parental
care is almost invariably biparental (Smith-Grayton & Keenleyside
3
1978), both parents are capable of all brood-caring activities,
although there is some role-specialization (Baerends & Baerends-
Van Roon 1950, Barlow 1974). During the early stages of parental
care, females do more direct care-giving (e.g., fanning, cleaning,
moving the young), while males are more active territory-guarders.
When the brood become mobile fry, both parents share the essential
activity of defending the offspring from brood predators (Smith-
Grayton & Keenleyside 1978, lavery & Colgan 1991, Keenleyside et
al. 1990).
Sexual differences in parental defense of the offspring exist.
Males emphasize lateral threat displays and tend to chase
conspecifics less often than do females (Itzkowitz & Nyby 1982
and Itzkowitz 1985 in the Texas cichlid Herichthyes
cyanoguttatum). Sexual differences in offspring defense also varies
at different ages of the brood. For example, frequency of chasing by
both parents increases and becomes more similar as the young
develop (Smith-Grayton & Keenleyside 1978 in HerotiJapia
multispinosa, Neil 1984 in Cichlasoma meeki, Itzkowitz 1985 in H.
cyanoguttatum, Lavery & Colgan 1991 in C. nigrofasciatum).
4
When one member of the brooding pair is lost, the survival of
the offspring depends on the sex of the remaining parent and the
age of the brood. Female absence leads to greater brood loss from
predation than male absence (Keenleyside 1978). Furthermore, few
broods at egg or wriggler stages survive, whereas all well-
developed fry survive to independence and disperse (Keenleyside et
al. 1990, Keenleyside & Mackereth 1992).
Besides increased protection for their offspring, biparental
care may also allow parents to feed alternately (Smith-Grayton &
Keenleyside 1978). Feeding usually increases as the progeny
develop and no clear sex difference in feeding frequency is usually
observed (Smith-Grayton & Keenleyside 1978, Keenleyside et al.
1990, Lavery & Reebs 1994).
Females seem better able than males to combine the roles of
direct care of the young with defense against predators
(Keenleyside 1978). I suggest that the sexual differences in
parental care that do occur may be a consequence of the proximate
cues each sex uses in deciding their levels of defense. When the
offspring is in an immobile stage of development (eg. eggs and
5
wrigglers), females tend to spend more time in the area where the
clutch was laid (providing direct care); females may be using the
distance of possible predators from the actual brood as a cue to
initiate a defensive behavior. Males direct their efforts to guard
and patrol the territories' boundaries; males' cue may be the
distance of possible predators from the territory limits. Once the
brood has reached the free-swimming stages, the young would be
dispersed over the territory and cues for both parents would
become similar. At this time, behavior of the female should
resemble the male behavior and the sexual differences in parental
behavior should diminish.
The firemouth cichlid (Cichlasoma meekl) has parental care
characteristics that are typical for its genus (they are
monogamous and exhibit a prolonged period of biparental care,
Baerends & Baerends-Van Roon 1950). Female parents are generally
in or near the nest whereas male parents are more peripheral to the
nest, females are less likely to abandon the brood than are their
mates, and the number of attacks on intruders increases when the
young become mobile (Neil 1984).
6







Results.
Defensive behavior.
For the most part, the defensive behaviors of the male and female
parents were quantitatively similar. The only defensive behavior
that was significantly different between the sexes was the number
of charges during the wriggler stage (see Figure 1 for statistical
results), where the males charged more frequently than the
females (Figure 1b).
Because the male parents charged intruders more (in the
wriggler stage), the frequency of charges was examined during the
four offspring stages for each sex independently. This analysis
showed that the frequency of females charges (Kruskal-Wallis,
n=27, H=20.546, p<O.05, Figure 2a) and the frequency of male
charges varied significantly across the different offspring stages
(Kruskal-Wallis, n=27, H=10.486, p<O.05, Figure 2b). Both female
-- - -
and male parents charged intruders more where their offspring
were in the fry 2 stage (Newman-Keuls, p<O.05).
14
The sexes did not show any difference in the frequency of
chases, branchiostegal displays, and other defensive behaviors
(rams, tailwags and jawlocks, Table 1); therefore, the sexes were
pooled for comparisons across the different stages. Furthermore,
defensive behaviors as rams, tailwags and jawlocks had a very low
frequency; thus, they were also pooled and treated as "other"
defensive behaviors. The Kruskal-Wallis analysis revealed
significant differences in the frequency of chases per pair at
different stages of the brood (n=27, H=12.854, p<O.05, Figure 3).
Comparisons between the different stages showed that pairs
chased significantly more in both fry stages (Newman-Keuls,
p<O.05). However, no significant differences were found for
branchiostegal displays (n=27, H=O.608, p=N.S.) and other defensive
behaviors (n=27, H=4.593, p=N.S.).
~eeding behavior and. switches.
Males nipped more frequently than females only at the fry 2 stage
(Figure 4d), during the other stages, the frequency of nips was
15
similar for both sexes (Figure 4a, band c, see the figure for
statistical results).
Neither male nor female parents showed significant changes
in the frequency of nips across the four offspring stages (Kruskal-
Wallis, n=27; females H=O.916, p=N.S.; males H=2.883, p=N.S.).
Male and female parents did change the frequency with which
they switched across the four offspring stages (Kruskal-Wallis,
n=27, H=43.322, p<O.0001). For this behavior, pairs at each
offspring stage differed significantly from all the other age
stages, with a reduction of switches during the fry stages
(Newman-Keuls, p<O.05, Figure 5).
For the duration between switches that were recorded (eggs,
n=20; wrigglers, n=20; fry 1, n=6), thel statistical analysis did not
show significant differences between the different brood stages
(Kruskal-Wallis, N=46, H=O.373, p=N.S.).
16
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Behaviors before .aM. a11.e.r.1he. removal treatments.
Before analyzing the effect of removal treatments in the remaining
members in a pair, it is important to note that the defensive
behavior of one of the pair members may influence the defensive
behavior of its partner. As original proposed solitary parents
should increase their frequency of defensive behaviors. However,
the influence of the male parent on the female parent defensive
behavior (or vice versa) may change the direction of the original
prediction. This outcome was suggested by personal observations,
and the fact that the frequency of female charges showed a
significant correlation with the frequency of male charges within
almost all ages of the offspring (except the fry 2 stage). Female
charges were greater when male charges also were greater
(Spearman rank order correlation; N=24, r =0.533 and p<0.05 for egg
s
stage, Figure 6a; N=27, r =0.531 and p<0.05 for wriggler stage,
s
Figure 6b; N=25, r =0.704 and p<0.0001 for fry 1 stage, Figure 6c).
s
Most parentS'Jl!RtLoftspring in the wriggler stag-e were able
to keep their brood after the mate removals, therefore the
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defensive behaviors before and after the mate removal were
analyzed only for this age of the offspring. The frequency of
branchiostegal displays and rams was low in all the cases, thus
these behaviors were pooled and analyzed together.
For the female single parents, the frequency of charges,
branchiostegal displays and rams (together), and nips did not differ
significantly before and after the treatments (Wilcoxon matched
pair test, in all cases n=6, T>4, p>0.05). Females showed a
significant .increase in the frequency of chases when their mate
was removed (Wilcoxon matched pair test, n=6, T<0.001, p<0.05,
Figure 7).
For the male parents, no significant difference was found in
the frequency of the behaviors (charges, chases, branchiostegal
displays and rams, and nips) after the removal of their female
(Wilcoxon matched pair test, in all cases n=5, T>2, p>0.05).
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Parent distance frQm the. Qjfspring.
Only during the wriggler stage of the offspring, did single parents
continue to defend their offspring after the removal of their mates.
Consequently, the distance of the parents from the offspring,
before and after the removal treatments, was compared only during
the wriggler stage. There was no significant difference in the
distance from the offspring before and after the treatment, neither
for the female nor for the male (t-test for dependent samples;
t(5)=1.083 and p=N.S. for females; t(4)=1.326 and p=N.S. for males).
However, there was a tendency for the male single parents to stay
closer to the offspring when they are alone (Table 2). This male
parent tendency toward the reduction of their distance from the
brood occurred in all but one case; the lack of significant
difference in the male behavior might be caused by a deficiency in
power (small sample size).
Removal-experiments.
. The female and male removal treatments caused a significant
19
reduction of the brood within the egg stage (Median·· test,· n=9,
X2=12.758 and p<0.05, Figure Ba), fry 1 stage (Median test, n=9,
X2=12.75B and p<0.05, Figure Be), and fry 2 stage (Median test, n=9,
X2=12.758 and p<0.05, Figure Bd). In the three cases, Newman-Keuls
single comparisons showed significant differences (p<0.05)'
between the control groups and the male and female removals, but
-
not between the female and male removals. During· the wriggler
stage, there was no significant effect of the removal _treatments
(Median test, n= 9, X2=1.187, p=N.S., Figure Bb).
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Figure 1. Medians, quartiles and ranges from the comparisons of the frequency of
charges between sexes at (a) egg stage (Wilcoxon matched pair test, n=27,
T=57, p=N.S.), (b) wriggler stage (Wilcoxon matched pair test, n=27, T=41,
p<O.05), (c) fry 1 stage (Wilcoxon matched pair test, n=27, T=64.5,
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Table 1. Results from the Wilcoxon matched pair test comparing the frequency of male and female chases, branchiostegal
displays, and other defensive behaviors (see text), at different age stages.
Defensive behavior Age of the Female Male T value(per sex) offspring n Median Median p
-Eggs 27 3 1 126 0.7151
Wrigglers 27 1 1 55 , 0.1075
Chases
Fry 1 27 5 4 141 0.5629
Fry 2 27 5 3 87.5 0.1246
-
Eggs 27 0 1 65.5 0.6026
I\)
CJ,) Branchiostegal Wrigglers 27 0 1 45.5 0.0815
displays Fry 1 27 1 1 34.5 0.1475
Fry 2 27 0 1 62 0.3061
-
Eggs 27 0 0 <0.001 0.0679
Other defensive Wrigglers 27 0 0 5 0.5002
behaviors Fry 1 27 0 0 12 0.2135
Fry 2 27 0 0 7 0.2367
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Figure 3. Medians, quartiles and ranges
from the comparisons of the
frequency of chases per pair,
between ages of the offspring.
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Table 2. Distance of individual females and male parents from their offspring before
and after the removal treatments; notice that for the males, except for one single
case, the distances do not overlap within each other.
Distance of the females Distance of the males from
from their offspring (m) their offspring (m)
Before After Before After
0.1 0.07 0.26 0.04
0.07 0.05 1.10 0.054
0.05 0.07 0.20 0.05
0.1 0.05 0.25 0.05
0.03 0.03 0.17 0.40
0.02 0.03
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Discussion.
Defensive behavior between sexes.
The first prediction that there would be sex differences in
offspring defense only during immobile stages of the brood, was
partially supported by the higher frequency of male charges during
the wriggler stage, and no differences during the mobile stages of
the brood. The rest of the agonistic behaviors did not support this
prediction.
Several studies have attempted to describe the sexual
differences in defensive behavior among biparental cichlids, with
frequency of chases the most commonly analyzed behavior. In
contrast to my findings, these studies have found sex differences
in the frequency of chases, Table 3 describes some specifications
and outcomes from these studies.
Itzkowitz & Nyby (1982) suggested that a higher fre_glJ_eDcyof
---- - -_._-
female chases in the field may result from the tendency of the
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female to launch her chases while she is close to her offspring. The
discrepancy between the more frequent chaser in laboratory and
field studies may be explained by two different and additive
factors. First, intruders may be more likely to flee from males
before they have initiated the chase because of their larger size
(Itzkowitz & Nyby 1982) or their higher frequency of displays
(Itzkowitz 1985). Second, in field conditions, once an intruder has
evaluated the size of the resident male or has observed his
displays, it has the option to leave; in aquaria, the inability of the
intruder to leave the vicinity of the male can make the resident
male more likely to continue chasing (Itzkowitz 1984).
Consequently, it is important to be cautious when trying to
extrapolate results from laboratory work to natural conditions,
mainly when the evaluated behaviors may be influenced by the free
dispersal of the subjects under study.
The different frequency of chases between the population of
C. meeki studied at Laguna Bacalar by (Neil 1984) and the
population Of the -San- Eric -Cenote- may-beexplained-oy-aejjfferent -- -
level of intraspecific competition. Neil (1984) described low
32
intraspecific competition for nesting sites at Laguna Bacalar,
where some potential breeding sites were always unoccupied. She
also described the defense of mobile territories (area surrounding
the school of free-swimming young) once the wrigglers become fry.
In the San Eric population, mobile territories were never observed;
I attribute this to the dense distribution of nests in suitable areas,
which may restrict the mobility of territories since they are
completely surrounded by other nests. This may increase the
possibility of agonistic interactions with other pairs, increasing
the chases performed by the males and equalizing the rate of
chases of both sexes.
The higher frequency of male charges observed in this study
is consistent with the results from the Laguna Bacalar population
of C. meeki, where males tended to initiate most agonistic
interactions during stationary offspring stages (Neil 1984). This
tendency may be explained by the peripheral position in the
territory of C. meeki males.
Males- spend- m-()retlme patrolling the territory (Neil 1984,
personal observation), this would increase their probability of
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more frequent encounters with possible intruders. Males
performing charges may efficiently repel intruders without having
to chase them. This efficiency may be important as a chase could
separate the male making the offspring susceptible to predation by
other intruders (Itzkowitz 1985). After the young become mobile,
females adopt a peripheral position and their agonistic
interactions may increase. As a response, females may switch to a
more efficient tactic to repel intruders (charges). This may
account for the lack of difference between male and female
charges. once the offspring reached the fry stages.
Defensive behavior between ages of the offspring.
The higher frequency.of female and male charges during the fry 1
stage, and the higher frequency of pair chases during both fry
stages, are similar to the results from other studies (Smith-
Grayton & Keenleyside 1978, Neil 1984, Keenleyside et al. 1990,
Lavery & Colgan 1991). These studies explained such results based
on the previously described age-investment hypothesis (parental
34
defense increases with the age of the brood) as offspring become
more valuable as they approach independence (Trivers 1972).
However, other possible explanations exist. First, the scatter
distribution of the mobile fry may increase the number of intruders
encountered by both parents. Second, both- parents may have
increased their defense effort, because of a sudden increase in
offspring vulnerability at the fry stage (Itzkowitz 1985, Rangeley
& Godin 1992).
Feeding behavior.
In previous studies, feeding frequency (measured as nip frequency)
-was similar between sexes (Smith-Grayton & Keenleyside 1978
with H. multispinosa, Keenleyside et al. 1990 with C.
nigrofasciatum) , and that it increases with the brood age (Smith-
Grayton & Keenleyside 1978, Lavery & Reebs 1994, both with C.
nigrofasciatum). In contrast, the results from the nip frequency in
the present study showed sexual differences in at least one age of
the offspring, and no differences between the ages.
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In general, among breeding pairs of biparental cichlids, the
female performs more of the direct egg-care activities (aerating
and cleaning), while the male is primarily involved in. cJ.ef~.nse of
the brood (Baerends & Baerends-Van Roon 1950). When the young
become mobile fry, this difference in parental roles declines since
the main parental role (for both sexes) is protection (Barlow 1974).
Once the female has joined the male in protection roles, the male
could spend more time feeding; this would account for the higher
frequency of male nips in the fry 2 stage.
Keenleyside and others (1990) performed their observations
comparing artificial ponds and natural conditions, and found that
foraging rates were lower in artificial conditions. A higher feeding
rate for both sexes in the San Eric Cenote population may have
attenuated differences in feeding behavior between stages of the
offspring. A lower foraging rate would emphasize these differences
and would explain the results found in previously described
laboratory studies (Smith-Grayton & Keenleyside 1978, Lavery &
Reebs 1994).
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Switching behavior.
The reduction in the switch frequency during the fry stages is
congruent with the· previously explained female tendency to change
their roles with the age of the brood. Females concentrate on direct
care of the eggs and wrigglers, and are occasionally relieved by the
male at the nest. As the young become free-swimming fry, both
parents are involved in defense, then switching is not needed
anymore. The duration of the switches at different ages of the
offspring is apparently not influenced by the change in their
frequency.
Behaviors before M.d..alliu: 1b.e. removal treatments.
The absence of one member of a pair was originally proposed to
increase the defensive behavior of single parents. The direct and
positive correlation between the frequency of female and male
charges added an alternative hypothesis to the originally proposed
prediction. If this correlation is caused by some direct stimuli of
one parent in the other member of the pair (a causal origin), a
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single parent may lack the positive stimuli of its partner;
therefore, it is possible to predict that not only may the single
parent frequency of charges increase without the presence of their
partner, but it could also decrease. The motivation of both members
in a defending pair may be important in systems where two parents
are needed to successfully protect the brood and maintain the
breeding' site.
The second hypothesis proposed an increase in the frequency
of. defensive behaviors and a decrease in the frequency of feeding
behavior by solitary parents. However, lack of any significant
differences before and after the removal treatments (except
female chases) suggested that single parents do not adjust their
behavior in the absence their mate; thus, the second hypothesis is
just partially supported (by the increase of female chases). Also,
the correlation between the frequency of female and male charges
did not occur because one sex behavior caused the other's behavior.
Rather the correlated frequencies between female and male
charges were probably both affected by other factors such as the
number of intruders.
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Keenleyside et al. (19'90) found that, in C. nigrofasciatum,
deserted females more frequently attacked other adults than non-
deserted females. In contrast, Lavery & Reebs (1994) reported (for
the same species) that lone parents did not differ from paired
parents in the frequency of defensive displays. The results from
Lavery & Reebs (1994) and the present study may be explained by
parents eXhibiting a maximal response to predators whether they
are alone or not (Lavery & Reebs 1994). Keenleyside et al. (1990)
suggested that the higher frequency of female attacks may be
explained by single males being attracted to lone females. This
outcome may be the explanation of the discrepancy between their
study and the present study since single males were not observed
in the San Eric Cenote.
The second hypothesis predicts an increase in the frequency
of defensive behaviors by solitary parents. According to this
hypothesis, lone firemouth cichlid females may increase their
frequency of chases after mate loss. This adjustment in defensive
behavior occurred during the wriggler stage, where a higher
frequency of male charges was observed in intact pairs. This
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specific response may reflect differences in female fight tactics
related with their position in the territory. As described, during
the wriggler stage of the offspring, males appear to prefer charges
as a defensive tactic against intruders. If males successfully
repelled the intruders, they would not get close enough to be a
concern for the females. However, when their male is not present,
females may need to initiate a chase if the intruders are
dangerously close to the offspring.
Parent distance from the offspring.
Previous studies (Itzkowitz 1984 with H. cyanoguttatum,
Keenleyside et al. 1990 and Lavery & Reebs 1994 with C.
nigrofasciatum) have focused on the time the parents spent away
from the offspring. Lone females do not increase their time away
from the brood to compensate for the disappearance of their mate
(Lavery & Reebs 1994). In fact, lone females spent more time with
the offspring (Keenleyside et al. 1990). However, lone males
reduced their time away from the brood (Itzkowitz 1984, Lavery &
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Reebs 1994).
The increased time solitary parents spent away from the
brood is consistent with observations reported by Itzkowitz (1984)
where solitary males moved shorter distances from the offspring
than males within pairs did, although females had no significant
difference. This is the same pattern present in Table 2. The male
distance from the brood was reduced (in all but one case) as a
response to the female removal treatment; this means that
excepting one case, the male distance before the female removal
did not overlap with their distance after the removal of their mate.
Without their female, the males become female-like, this behavior
suggests that males are able to replace the female (Itzkowitz
1984).
The fact that the male changed his behavior in the absence of
his mate suggests that the female was influencing his behavior
(Itzkowitz 1984). Observation on pairs are consistent with this
conclusion as females will often push males away from the brood
or block his access to them (Baerends & Baerends-van Roon 1950,
Smith-Grayton & Keenleyside 1978).
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Removal experiments
There was a significant effect of the female and male removal
treatments on the number of offspring lost (with exception of the
wriggler stage). The third hypothesis, which predicted that female
removal would result in the greatest offspring loss when the
progeny is immobile (eggs and wrigglers), was not supported,
because the loss of the brood did not appear to be related with the
mobility of the offspring, since it was found in immobile (egg
stage) and mobile (fry 1 and 2 stages) ages of the brood; besides, it
did not seem to be related either with the sex of the parent
removed since both removal treatments had the same effect.
Previous removal experiments performed under artificial
conditions and with other species of cichlidfishe.s have also shown
that a mated pair is more successful than either parent alone
(Keenleyside1978, Keenleyside & Bietz 1985; Keenleyside &
Mackereth 1992), but the effects from these removal experiments
did not cause. the .Ioss of all the offspring in 24 hours (as in the
present study).
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Keenleyside (1978) showed in Herotilapia multispinosa that
when no predators were present, either parent alone was able to
pr?tec~ the offspring; at low predator densities, females seemed
better able than males to maintain the brood; at high predator
densities females were no longer more successful than males as
single parents. The. more drastic effects of the removal
experiments on offspring survival in the present study may be
explained by a higher proportion of predators in natural conditions.
As was already described, the results from my removal
experiments were not consistent across different brood ages
(particularly during the wriggler stage). At high densities of
potential brood predators, protection by the female alone may be
effective only when offspring have been free-swimming fry for
several days (Nagoshi 1987, Keenleyside et al. 1990, Keenleyside &
Mackereth 1992). This possibility is supported by the absence of
single parents guarding either eggs, wrigglers or very small fry
under natural conditions (Carlisle 1985, Keenleyside et al. 1990).
The common explanation for these observations is that the size,
swimming speed, familiarity with shelters and escape routes from
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predators increase with the age of the offspring (Neil 1984,
Carlisle 1985).
The offspring ages examined in my study, corresponded to the
stages where two parents are considered essential to guard in the
previously described studies. However, I also considered that
broods at egg and wriggler stages may be easier to defend than
young in the early fry stages. If the eggs and wrigglers are well
hidden in a cave, tunnel or crevice, one parent may be able to
protect them as well as two. I consider that this may be the reason
for not having a significant effect of the removal treatments
during the wriggler stage, the particular outcome from the egg
stage will be explained later.
According to Keenleyside & Mackereth (1992), not only are
young at late fry stages less vulnerable, but their mother also
continues to defend them in most cases. This is. explained by the
fact that expected benefits of a single parent are low when the
brood is very young and higher when they get older, because the
latter have only a short time remaining to reach independence (the
older the brood, the greater the benefit/cost ratio to the single
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parent of continued care, Sargent & Gross 1986, Lavery & Colgan
1991, Keenleyside & Mackereth 1992).
I suggest that single parents of C. meeki tend· to continue
defending their offspring once they have reached the wriggler
stage. The typical concentration of wrigglers in pits in the
territory makes their defense feasible for solitary parents.
However, when the offspring are at the fry 1 and fry 2 stages, their
mobility (which increases their conspicuousness), their disperse
distribution around the territory, and their weakly-swimming
condition, make the defense ineffective for solitary parents
(Barlow 1974, McKaye 1977, personal observation).
The higher frequency of male pharges observed in intact pairs
during the wriggler stage does not seem to be related to the ability
of solitary parents to maintain their offspring at the wriggler
stage. If this were true, solitary males would be more successful
than solitary females and not equally successful as observed. An
increase in defensive effort may be inferred from the higher
frequency of agonistic interactions during the fry stages, this
would support the idea that two parents are needed to effectively
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defend early stages of fry.
It is unlikely that any change in prey vulnerability occurred
between the egg and wriggler stages since females move the
wrigglers to pits excavated in the substrate (Rangeley & Godin
1992). Therefore, the different treatment response between egg
and wriggler stages in my study deserves a further explanation.
Not only maya deserted parent abandon the brood, but it
might also consume them (Keenleyside 1978, personal observation).
Desertion or consumption of its own clutch following loss of a
mate early in a breeding attempt may be advantageous to the
remaining parent when the expected benefits from the current
brood, compared with the cost of rearing them alone, are low
(Lavery & Keenleyside 1990). I suggest that the benefit/cost ratio
of C. meeki with offspring at the egg stage should be low (due to'
the long time remaining to reach independence). Therefore, single
parents may have either eaten their eggs or abandoned them even if
they were relatively easy to defend. Cannibalizing the offspring
early in the brood cycle may enable biparental parents to prepare
for a subsequent brood, and thereby not wasted time, energy, and
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risk (Lavery & Keenleyside 1990).
Although firemouth cichlid females increased their frequency
of chases when they were left alone, this did not seem to be the
reason for a successful defense (solitary males did not need this
increase to maintain their brood). The factors affecting the
success of solitary parents at rearing their brood appeared to be
those related with their willingness to continue defending and the
feasibility of the defense.
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Table 3. Conditions and results from studies analyzing the frequency of chases between
sexes.
Study conditions Species More frequent chaser
Laboratory (Smith-Grayton Herotilapia Male during the egg stage& Keenleyside 1978) multispinosa
Field (Itzkowitz & Nyby Herichthyes Females in egg and wriggler stages1982) cyanoguttatum
Laboratory (Itzkowitz
H. cyanoguttatum Male1984)
Field (Neil 1984) C. meeki Female
Field (this study) C. meeki No differences at any stage
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